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Antenna Measurements

I Antenna pattern is characterized by far-field radiation
pattern

1 Far-field valid for distances > 2d?/\
= D: diameter of minimum sphere enclosing the antenna
under test (AUT)
= A: wavelength

®  NEAR-FIELD
MEASUREMENT

1 Requires huge anechoic chambers MEASUREMENT
1 Near-field far-field transformation

= Reduces the size of test chamber
= Requires magnitude and phase information
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AUT: Antenna with integrated Frequency Converter

Antenna with integrated receiver
Internal LO

Vv
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Reference frequency not available

Phase of output signal (f IF) changes with change of phase
of DUT and phase of LO

1
1
1 LO not accessible
1
1
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Typical Test Setup (Planar Scanner)

Antenna scanner with movable antenna
Movement of the scanner, not the AUT
Normalization to boresight

Measurement of magnitude and phase of
the output signal in respect to boresight T

1 Typical Test Setup l ;

= Stimulation by VNA or ext. source
= Measurement of a reference-input and a
measurement-output signal
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Test Setup for AUT with internal Local Oscillator

1 Measurement of magnitude works
1 Phase depends on synchronization between T

internal LO and sources of ZVA b I: """" g "" | " A
i AUT i

1 Phase synchronization requires access to the l --------------
LO or high frequency reference frequency
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1 Without LO access phase measurement
becomes instable especially for long
measurement times
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1 Other techniques as ,LO reconstruction® will fail |« \ tMeas

LO for reconstruction
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Solution: Phase Measurement using the 2-Tone Technique

Fixed reference
TX antenna

1 Add second Reference Tx-Antenna in fixed
position

1 Reference antenna transmits f2 with offset Af
in respect to stimulus (scanner) antenna (f1)
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@ ; fi-flo
Lo | f2-fLo

1 AUT receives simultaneously
= TX measurement signal f1
= TX reference signal f2=f1+Af
= Down converts both signal to f1-fLO and
f2-fLO
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1 ZVA measures
= Down converted stimulus signals IF1 and
IF2
= AUT signals f1-fLO and f2-fLO

IF1 IF2
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cos ((( fp— fro)et) + @jout — ¢ o)

[ s ((fyet)+ g,in) I

cos (( fyet)+ @qin) (€ fy— fro)et) + pout —9,4)

1 Ag = (plout-pLO-p20ut+eLO) - (elin-@2in) = (¢lout-g2out) - (elin-@2in)
I The difference of ¢lout and ¢2out is independent of the LO phase
1 LO phase and frequency changes are cancelled out
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Phase Measurement of the Antenna

TX-reference antenna

(fixed) _AUT (fixed)
TN L,

|

T ~ : o : Il-LO

. | 2-LO
stimulus antenna AN I |
(moving) ¢ ___?1H | |

1 Reference TX-antenna is fixed
1 Antenna under test is fixed
1 Stimulus antenna is moving

1 Ao is the phase change due to the position change of the stimulus antenna
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Phase Measurement of signals with different Frequencies using
digital Dual Receiver Architecture of the ZVA - VNA

1 Down conversion of both tones to the analog receiver digial eceiver o
analog ”: fl e f2 to calculation chain
. . IE D1, ) >
1 A/D conversion with 80 MHz sample A al (IF)
rate f NCO1
1 Two separate IF chains with
independent digital oscillators (NCO1 Sl B R L
and NCO2) | _ @ oo a‘'1 (IF)
1 NCO1 and NCO2 with arbitrary offset f+Af
1 Down conversion of two signals tones
to IF=0
1 Digital filtering of both signals in digital
receiver
1 Measurement and display e.g. as al
and a1’
EDICON 2019 9
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The Measurement of the Phase between Signals with different
Frequencies

1 Measurement of phase difference ¢2in — ¢1in of both input signals with dual receiver
frontend of reference receiver of Port 1
= Analog down conversion to IF (20 MHz) of f1 and f2 (=f1 +Af)
= Digital down conversion to IF (0 Hz) with numeric controlled oscillators (NCO),
frequency offset between NCO1 and NCO2 = Af
= Detection of phase difference ¢2in — ¢1in

1 Measurement of phase difference ¢p2out — ¢Llout of both output signals with dual receiver
frontend of Port 2

1 Calculation of the phase difference of the “phase differences”
1 Ap = (plout-p2out) - (plin-@2in)
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The Measurement of the Phase between Signals with different
Frequencies

Am /ea)

al a1 b2 b2
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High selective digital Filters

1 Typical VNA IF-filters are designed :
for fast settling and measurement of :'1" —]—
single CW signals B vy WA RN
ngie g By AR ARy [T
1 High sidelobes may cause EH H [NEERIEENIA NARERIIERN Otin
interference for two tones especially I —
Wlth Sma” OﬁSEt ;;ONb Center 1GHz Pwr 20 dBm ‘ Sp‘an SODkHz‘
. -T-rc:1 dB Mag 10dB/ Ref20dBm ‘ ‘ 2
1 Solution: - Aot Fins
- High selective digital IF filters B [l O
= High shape factor [
= >70 dB stopband attenuation ‘ } | ;
|
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Test Hardware Setup

1 4-source VNA R
I Generates both stimulus tones SRS . -
1 Generates the external LO

IR
FS

o)

b 4

1 Measures the ratios: i
= al/a‘l " .
= b2/b2 .
! mol
- __al/a’l |
1 DUT-Phase = b2/b'2 “

IF1 IF2
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The Instrument Setup
The settings for the generators and the receivers

Input tone 1 Receiver tone 1  Offset of NCOs
\ /

Port Configuration \ / X ‘
Meas Physici Source Receivi ‘ '
# Gm| cy Result Frequency Result A Freqa'h’ " Frequency a'b’ Result
v |Pot1 [ |f 7GHz ... BGHz 5GHz ... SGHi 1 MHz 5.001 GHz ... 6.001 GHz
Input tone 2 B GHz . 6GHz I 1Mz || {5,001 GHz ... 6.001 GHz
¥ Pot3 [ 7.001 GHz ... 8.001 GHz OHz 5GHz ... 6 GHz Receiver tone 2
[ |Portd 2GHz DHz 5GHz ..6GHz |
LO for the DUT Vm) 7GHz .. 8 GHz 7GHz .. 8GHz
- [
Means that receiver
Measure Source Port Waves at
Displayed Columns... Balanced Ports and Port Groups... MR Freq Conv Off measures on source
- (®) Source Frequency ¢ |
Stimulus... [~] Same Connector Type at All Poris frequency (7 8G HZ)
[] Same Gender at All Ports oK c Help
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Instrument Setup
The Measurement of the Input and the Output Signals

Input Signals (Trace 5 Trc5) Output Signals (Trace 6 Trc6)
Mare Ratios X More Ratios >
Numerator: v all ~ 4 Numerator: ~ bj2
Denominator: |v g1 w | Denominator: | b2
Port Configuration 7 Port Configuration
|
3 1 4 2 30 a2
1 4 2 R 4 2
Logical Ports 1 Logical Ports
|Balanced and Measured Ports... | p | Balanced and Measured Pots...
Properties Properties
Rato:  al/a'l Source Port: | Pott 1 v | Ratio:  b2a2 Source Pott: | Port 1 -
Detector: Meas Tme:  0s <HE | Detector Meas Tme: 05 -HE
[ (ot | [ Wb | : [ ome | [ e
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Measurement Technique and Procedure

Trel ENGEE)

1(P1

Xrad

\T AUT(fved)
f2

Calibration at position x= O0m
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Calculation of the ,Ratio of the Ratios*

1 Calculation of the ratio using trace math
1 Provides magnitude and phase

1 Calculation in real time

User Def Math for Trc9

Tre5 / Trel

| DelAl | | Del | |[Recal..| | Save. |

Result is Wave Guantity

[ oK ] | Cancel | |

Help
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Measurement technique and procedure

x=1m

\\\ AUT (fixed)
N

|

o

x=0 f2 SSa
|

Calibration at position x=1m
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Calculated phase

— cable: 1m length

-200

-400

phase / deg

-600

-800

-1000

-1200

7.0 72 7.4 76 7.8 8.0
frequency /GHz

BIGE) Fhase urwrap 200°/ Ref-600° Math 4

1 mcable Two
antennas
and mixers

B4l Arbfb Stat 7 GHz b 0dBm
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Measurement of a 5G active massive MIMO Antenna

Phase Cuts

After NFFF Transformation

TransformedDntn_Dr_Phsseor in deg
g 8 2 8 3
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